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CDNCIDSIONS 

a. Administrative 

'Ihe study provides only ANCILI.ARY (i.e, SUPPLEMENTAL) info:rmation at this 
time. 'Ihe data presented do not address the release of Ag and CU beyorrl 
15-days, even though a vecy substantial release was observed at the day-15 
saJ1i>ling. 03.ta beyond 15-days are required. 'Ibis study is not a hydrolysis 
study, but a "release-from-the matrix" study at pHs 5, 7 and 9. 

The registrant must clarify if the non-exchanged zeolite (that is, without 
exc:harqe by Ag arrl CU) would always be the same. If the registrant uses a 
variety of zeolites for exchan;Je with Ag arrl cu, characterization of the 
exc:harqed product and a 161-1 study for each different product may be 
required. 'Ihe present study was conducted with a material provided by the 
registrant, which contains 3.4% Ag and 6.1% cu by weight (anhydrous) arrl 
the results apply specifically to that product. In addition, the registrant 
must clarify the oxidation state of silver and copper in the parent "Ag-CU 
Zeolite". 

No attempts were. ma.de by the r~istrant to present the predominance of 
different Ag and CU species that would be expected at the relea.se:i 
concentrations at pH 5, at pH 7 arrl pH 9. 'Ihe registrant must present data 
on concentration of Ag and CU in the buffer systems and from the data 
estimate the predominance of Ag and CU species at each of the three pHs. 
'Ihe same applies for the :positive control ("spiked") samples. '!he registrant 
may choose a c:omputer pro;Jram. such as MINI'EQ to generate the data, irrlicating 
which species are soluble and which one are insoluble phases. Results 
should be compared to speciation of Ag and CU as a function of pH in the 
absence of buffers. 

ouroo:::>R USFS (Potential future use): 

Since the use of buffers does not provide a realistic scenario for the release 
of Ag and cu from "Ag-CU Zeolite" in the envirornnent (soil; natural waters), 
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the registrant can generate release rate data that nore realistically approach 
environmental conditions. 'Ihe Branch believes that the data obtained from 
this approach can be used tc,,.Ja:rds supporting OOTIX.lOR uses. 'lhe suggested 
approach is to incorporate into the hydrolysate metal ions that are ubiquitous 
in soils and natural waters and that could exchange for ]},g andjor OJ in the 
zeolite. 'lhe studies should be conducted in the absence of a buffer system 
and. the following pH ranges are suggested 5 to 6; 6 to 7; 8 to 9. 'Ihe 
cations to be used are ca.2+ (pH 6-7; pH 8-9) and Al3+ (pH 6-6) introduce:i 
in the aqueous system as the chlorides. For calcium at pH 8-9, the calcium 
ion activity should be below the solubility of the solid phase calcite 
(calcium carbonate) ; the alumimnn ion activity would be detennined by the 
solubility of gibbsite (aluminum hydroxide). 

b. Scientific 

According to the presented data, maximum release of Ag and OJ appears to 
occur at pH 5, with releases decreasing with increasing pH. '!here was a 
plateau at all pHs between 2 to 8 days, with a substantial release in the 
15 day samples. However, since no sampling occurred beyon:i 15 days, the 
data do not provide any information on long-tenn release. 

'lhe studies were conducted in buffere::I systems at 25 c. Results reported 
by the registrant appear un:ler the 11REEORI'ED RFSUL'TS11 section. 

MATERIAIS AND MEIHOIS 

Test Material: 'lhe test material "Ag-CU Zeolite" was provided by the sponsor. 
It contained 3.4% ]},g and 6.1% OJ by weight (anhydrous). 
The m:,isture content was measured at the perfonning laboratory 
as 20.7%. 
No further physical-chemical characterization (except physical 
state and color) were reported. 

Test System: The test system.(s) consisted of 40-mL amber glass vials fitted 
with screw caps and Teflon-faced septa. 

Each vial contained 30-45 ng sample of the 11]},g-CU Zeolite" 
and 30 mL of the desired buffer system (pH 5= acetate buffer; 
pH 7= phosphate buffer; pH 9= borate buffer) • 'lhe ratio of 
buffer to zeoli te was about 1 In1/m:J. 

vials were placed in a temperature controlled chamber (25±1 C) 
and protected from light. Samples were agitated by magnetic 
stirring. 

'lhe initial pH of the hydrolysis medium was measured by pH 
paper. 

Control Samples: Negative (neat buffer solutions) and IXJ5itive (buffer with 
standard solution of Ag+ and OJ2+ at 25 ppb and 100 ppb, 
respectively) controls were used. ·· 
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Sampling: Time: O, 1, 2, 4, 8, and 15 days. 

Analytical Methodology: After rerooval from vial, hydrolysates were passe:3. 
through 0.45 ug Teflon filters to ensure that only 
dissolved silver and copper were measure:i; filtrates 
were stabilized with nitric acid and stored at 4 c 
prior to analysis. 

REroRI'ED RESULTS: 

Hydrolysates arxl negative and p:,sitive stamards 
were analyzed by Irrluctively Coupled Argon Plasma 
(ICAP). Calibration curves and calculated sarrple 
concentrations were based on the average area of the 
ICP signal for 4-sequential aspirations of each 
solution. 

All release rate data was corrected to unit weight 
of zeoli te p:Jl,vder, 

ug/:mL= ppb (ug/L) x O. 030L {hydrolysate voltnne) 
weight of zeolite present 

'Ihe release rate of Ag and cu from "Ag-CU Zeolite" in buffered systems 
at pH 5, 7 and 9 are smmnarized belCM, 

~ t1lL1 l2!Ll 
ffJ cu ffJ cu ffJ cu 

Release Rate 0.59 0.49 0.047 0.15 0.023 0.051 
(ug/ng zeolite/day) 

% of Total Metal 29% 14% 2.4% 4.9% 1.3% 1.8% 
after 15 days 

'Ihe .release deviated from linear, with a plateau between 2-8 days, with 
a substantial release for the 15-day point. 

1Ihe studies perfonned with the "spiked" (positive) control sairples shCMed 
that the re<XJVer:y of Ag was the lCMest at pH 7, which the author attributed 
to llabso:rptive losses". 

REVIEWER'S cn-tMENI'S: 

1. 'Ihe study does not provide a loD1-tenn release pattern for Ag and cu in 
this "Ag-CU Zeolite", since a substantial arrount of metal was released 
by time 15 days (after a plateau of 1 to 8 days) and no sanpl~ was 
perfonned after 15-days. 'lhe study should have extended beyorrl 15-days. 
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2. '!he data applies only to the particular "Ag-Ql Zeolite" provided by the 
sponsor. Since it is not clear which specific zeolite is used as the 
matrix arxl ion exchan;Je properties vary with zeolite type, the data may 
not be valid for "Ag-o.i Zeolites" prepared from other zeolites • . For 
this reason, the registrant is being requested to provide further 
infon,ation on the zeolite matrix used: in the Ag-o.i Zeolite for which 
they are seeking registration. 

3. '!he expected predominance of the different Ag am cu species that can 
fo:rnt in the buffer systems should have been calculated arxl presented 
as predominance diagrams for ooth the positive controls arrl the 
hydrolysates by using carputer programs such as MINIB;2 arrl carrpared to 
predominance of Ag arrl CU species as a function of pH in the absence of 
buffers. 

4. '!he detection arrl quantitation limits of the ICAP system were not clearly 
specified. 

5. Use of pH papers to measure pH is not a desirable method. 
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Table 1: Sample Weights and pH Values .ror pH 5 Hydrolysis Samples 

SAMPlE 

AC-5-1 

AC-5-2 

AC-5-3 
AC-5-7 (REP)" 

28.2 

33.Q 

27.8 

28.6 
3"-1 

34.7 

27.1 

INrT 
pH 

5.0 

5.0 

5.0 

5.0 
5.0 

5.0 

5.0 

TEST 
DAY 

0 

1 

2 

4 
4 

8 

i5 

• REP .. Replicate vial al10 sampled on the same day 

•• Anhyaou• buia (0011'.aedfor 20.7% moisture) 

Artlur D Little 

TEST 
DATE 

5121 

5122 

5123 

5125 
5125 

5129 

6105 

--------------------

FINAL 
pH 

5.0 

5.5 

5.3 

5.5 
5.5 

5.0 

s.o 

•• . • • • .. . 
• 

• • • • • •• .. 
•••• • •••• 

• 
• •• • • .. ... 
•••• . 
•••• 

.. . 
• • • .. . 
• • . . . .. .. 
•• • •••••• ....... .... 

I . 
00 I • •••• • •••• .... 
• •• ...... 
•••••• .... . 
• •• • • • •••• 
•••• • • •••• 

• 

• 

• 
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• • • • 
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• ••••• • ••••• • • • ., ...... 
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• 
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Table 2: Hydrolysate Silver and Copper Concentrations for pH 5 Hydrolysis 

SAMPLE 
TEST 

DAY 
ASSAY SLVER• 

DATE DILUTION PPB RPO « 'RSD I 
I 
I 
I 
I 

--------- -------------------

AC-S-1 

AC-5-2 
AC-S-2 (DUP)"" 

AC-5-3 
AC-5-3 (OUP)"• 
AC-5-3 (OUP)° 

AC-5•7 (REP) .. 

, - --- ---~ -· ---· - -· .AC-5-1~)".," __ 

I 
I 

AC-5-4 
AC-5-4 (CUP)"• 
AC-5-4 (OUP) .. 

AC-~ (CUP)"' 
AC-5-4 (DUP)" 

AC-5-5 

AC-5-5 (DUPJ'' 
AC-5-5 (CUP)"' 

0 

2 
2 

4 
4 
4 

8 
8 
8 
8 
:J 

15 
15 
15 

512,t 

512,t 1:10 

512,t 

512,t 1:10 

5'30 
5'30 1:10 
5131) 1:100 

5,'30 
.-.S,3) 1:10 

S.'30 
5131) 1:10 

51.lO 1 :20 
5,3) 1:10 

S.'30 1 :20 

7/Q:2. 
7,'02 1 :10 

1!02 1 :100 

• Conc:entradon1 shown have been oorrected tor dluticn. 

105 

S0:2 

1goo 
1730 

HiMO 10 
2350 
2050 

1370 27 
1800 

1690 TT 
2150 

1708 
2110 
187'4 

10100 10 
9800 
8330 

COPPER" 
PPB 

1sa 

951 

2l!l80 
274'0 

324'0 
3830 

4170 
.tQ30 

4220 
4Q60 

4200 

7680 
7N0 
7380 

• 

• 

• 

• . 
• 

•• • • • • •• • 
• 

• • • • • •••• 

• 
• •• • • • •••• ..... 
• • •••• 

5 

g 

17 

•• • • • •• • g 
• . • • • •• •• 

•••• . .... 
• .. 3 

• • .... .... 
• •••• I 

I 
I 
I 

RPO (Rang• Percent Oiff•enca) ii 2 vmu•; RSO (Rela!lve Standard 0~) if >2 values. 

I 
I 
I 

•• DUP - Analyll1 al Ntplic:ate aliquc( from ume 11\al 
REP - Anliyll1 of r~ vial. 
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Table 3: Silver and Copper Concentrations for pH 5 Hydrolysis, Corrected to 
Unit Weight 

TEST ASSAY SILVER COPPER 
SAMPLE DAY DATE. PPS ug/mg PPS 

•• • . . , . 
•• • 

• 
• • • • • .. •·• 
•••• • • •••• 

ugtmq • 

• •• • • • ------------------ --------· --- ----------•--
AC-U 

AC-5•1 

AC-5-2 (AVE)" 

AC-5--3 (AVE)" 
AC-5-7 (REP) (AVE)• 

0 

2 

5124 

5124 

5124 

5,00 

5,00 

105 0.11 

S02 0.53 

1815 2.0 

2113 2.2 MEAN u 
1585 1.4 RSO 32 

•••• • • t::a 0.17 •••• 

951 0.54 

2806 3 .0 

»40 4 .1 ME.AN 3.5 

"' 3240 2.ll RSO 26 

...... 
• • • • • 
• ••••• • • •• 
••••• • • ••••• 

• 
• ••••• • • •• 
•••••• • • •• •• 

"' 
AC-5-4 (AVE}" 

--- 1 ---··--·-•-- ·~ ----~~-.§=5 

B 5,00 1906 

15 ·- _ J /02. ___ 9440 

1.6 44Q6 3.ll 

10 7617 8 ... 

• 
•••••• • • • --- ~ .. . . • • • • • 

I 
I 
I 
I 
I 
I 
I 
I 
I 

• [AVE) ,. Valua shown i ■ lh• aritnme!lc mean of valu• in Table 2. 
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Figure 1: Graphical Representation of p_H 5 Hydrolysis Results 
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I 
I 
1. 

Table 4: Sample Weieflts and pH Values for pH 7 Hydrolysi.1 Samples 

I 
I 
I 
I 
I 

___ ,_ ~-------~ 

I 
I 
I 
I 

i i 

I• 
I 
I 

POWDER 
SAMPLE WT (mgr 

AC-7~ 25.4 

AC-7•1 27.0 

AC-7-2 30.1 

AC-7-3 28.2 

AC-7◄ 24.8 

AC-7-5 28.5 

!-C-7~-- 23.8 

AC-7•7 25.4 

INIT 
pH 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

TEST 
DAY 

0 

2 

4 

8 

15 

• Mhydroul hula (00rTec:led tor 20.r,r. moisue) 

I llrtJur D Little 

TEST FtW. 
DATE pH 

5103 7.0 

S/04 8.5 

5105 7.0 

5/fIT 7.5 

5111 6.5 

5118 6.0 

&'OS 7.0 

&'OS 7.0 

. . - , _ ,. 

Page 20 of 49 
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I Table 5: Bydrolysate Silver and Copper Concentrations for pH 7 Hydrolysis 

I 
I 

TEST ASSAY SILVER• COPPER• 

SAMPLE DAY DATE DILUTION PPS RPO PPB RPO 

----
I AC-7~ 0 5121 55.8 434 

I 
AC-7-1 1 5121 78.5 481 

AC-7-2 2 5121 80.5 533 11 6 

I 
AC-7-2 (DUPr 2 5124 1:5 IM.5 565 

AC-7.::J 4 5121 1060@ 18 802 23 
AC-7-3 (OUPr 4 5124 1 :10 11200 755 

I AC-7◄ 8 5121 102 6 358 2 

AC-7◄ (DUPr 8 5121 108 365 

.. _. __ I __ ~------ AC-7-5 15 5121 656 - 2790 - · · . s- -
AC-7-5 (DUPr - 15 .5124 1:10 g27 2930 

I ----··-·· ---··-

I 
• Concentrations lhown have bffn corrected tor dlutlon 
RPO (Range~ Diff~) 

•• DUP. Analysis of l'9plicata sll<JJot from same viii! 
REP • Analylia of repUeaw Ylal. 

@ Apparent anorrdou• reaut (0UIII•) 

Page 22 of 49 
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Table 6: Silver and Copper Concentrations for pH 7 Hydrolysis, Corrected to 
Unit Wei&fit 

TEST ASSAY 

SAMPl.E DAY DATE 

AC-7~ 0 ~ 

AC-1-1 1 ~ 

AC-7-2 (AVE)" 2 5121~ 

AC-7-3 (AVE)" 4 5121~ 

AC-7-4 (AVE)• a 5121 

AC-7-5 (AVE)" 15 5/21,24 

SILVER 
PPS 

88 

79 

88 

1080 0 

105 

792 

•(AVE). Value shown it 1h• lrith~11c mean of values in Table 5. 

@ Apparent anomoloul result (outlier) 

ArtJur D Little 

COPPER 
ug,'mg PPB ug,'mg 

0.078 ~ 0.51 

0.087 481 0.53 

0.087 5-40 0.55 

1.25 0 579 0.78 

0.13 362 0.44 

0.83 2a60 3.0 

. . ~-·~-· .. -~ 

Page 23 of 49 
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Figure 2: Graphical Representation of pH 7 Hydrolysis ResuJts 

HYDROLYSIS, pH 7 
•LW,- "CLU.a<D 

1 .3 
Cl , .2 

1 .1 Slope • 0.047 (ugtmg)/day , . 
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a.I 

I 0.11 

0.7 

I Q.I 
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SI 0 ,4 

0.3 

0.2 

0,1 

0 

-a., 
0 2 4 • • 10 12 14 

c.n 
.. ---~----· 

HYDROLYSIS, pH 7 
COi"~,- ,-[LCAS[O 

3 .2 

l 

2.8 Slope. 0.15 (ugtmg)/day 
2.1 

R • 0.853 
2-" 

I 
:a.2 

:z 

i 
... 
, .. 
1 ... 

a ,.:a 

0.4 

o., 
a.• 0 

o.:z 
a :z .. • • 10 1:1 14 

DAYS 
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Table 7: Sample Weights and pH Values for pH 9 Hyc:rolysis Samples 

POWDER 
SAMPLE WT (ffl'J~-

REPEATS 

AC-IMR 23.8 

AC-9-2R 24.5 

AC-9-3R 29.3 

AC-9-4R 25.1 

AC;9-SR 25.5 

INIT 
pH 

9.0 

9.0 

9.0 

9.0 

9.0 

-·-------------·--·--

TEST 
DA\' 

0 

4 

8 

~5 

•• Anhydrous oasis (correc:ed tor 20.7% moisture) 

Artlur D Little 

l t \ J 

TEST FINAL 
DATE pH 

5112 9.0 

6113 9.0 

6/16 9.0 

6/20 9.0 

6/27 9.3 

Page :6 of 49 
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Table 8: Hydrolysate Silver and Copper Concentrations for pH 9 Hydrolysis 

TEST ASSAY SILVER COPPER 
SAMPLE DAY DATE PPB RPO PPB RPO 

---
REPEATS 

AC-9-1R 0 7/f12 NA (Not flt•ed prior., mrage) 

AC-Q.2R 7102. 138 <41 337 1<4 
Ac-9-2R (DUP)- 7ff12 91 293 

AC-!_~B • 7/f12 69 62.1 

AC-9-<4R 8 7102. 65 98,4 

AC-9-5R 15 7102. 369 930 

- - -- __ , ___ ._ 

•• OUP • Analvsi• of reolicate allQuot from same vial 

llrtlur D LittJe 
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Table 9: Silver and Copper Concentrations for pH 9 Hydrolysis, Con-ected to 
Unit Weight 

TEST ASSAY 
SAMPLE DAY CATE 

AC-g.1R 0 
A,C-g.2R (AVE)• 7/02 

AC-9--3R ,4 7/02 

AC-~ 8 7/02 
AC-g.5R 15 7/02 

SILVER 
PPB 

Not analyzed 
115 
5g 

65 
36G 

•(AVE}• Value shown is the ari!hme1ic mean of values shown in Tabk, 8. 

Artlur D Little 

0.14 

0.071 

0.078 

0.-43 

COPPER 
PPS 

No( analyzed 
315 

621 
g8,4 

~ 

0.3D 
0.&4 

1.2 

1.1 

Page 28 of 49 
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Figure 3: Graphical Representation or pH 9 Hydrolysis Results 

I 
I HYDROLYSIS. pH 9 

•1...a1~ 
0 .65 

I a.• 
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a.a A• 0.800 
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I I G..2 

If a.,s 0 

I 
a., 

0 

0.05 

0 
0 2 • • • ,a 12 ~· • .1..• 

°""" 
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1..l 

/ , ..2 
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R • C.835 

I I 0.■ 

i a..a 

I 
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a 
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a.s 
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0..J 
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I ArtJu1 D LiHJe 
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I 

I Table 10: Results for Hydro,ysis Study Negative Controls (Blanks) 

I INIT TEST TEST FINAL SR.VER COPPER 

I 
SAMPI.E pH DAV DATE pH PPS• PPS" 

-----

I B-5-8 NR- 0 5121 5.0 4.7 3.7 
8-5-1 NR 1 5122 5.0 2.4 4.2 

8-5-2 NR 2 5123 5.0 3.ll 6.4 

I 
B-5-3 NR 4 5125 5.0 28 19 
8-5-4 NR 8 5/2ll 5.0 ND NO 

B-5-7 NR 8 5/2ll 5.0 5.0 NO 
8-5-5 NR 15 S/05 5.0 6.6 1.3 

I 8-5-e NR NA••• NA NA NA 

MEAN,pHS 7.2 4.9 

I 8-7-8 7.0 0 5/03 7.0 2.3 ll.7 
8-7-1 7.0 1 5104 6.5 ND 8.2 
8-7-2 7.0 2 5105 7.0 ND 6.6 

---1 8-7-3 7.0 4 5/07 6.5 ND 6.4 
B-7-4 7.0 8 5111 . s.s· - ·· No - . 6:, 

8-7-7 7.0 8 5111 6.5 NO 6.6 

I B-7-5 7.0 15 5/18 6.5 NO 5.4 
B-7-e 7.0 S/06 7.0 NA NA 

I 
~EAN. pH7 0.3 7.1 

B-Q-8 NR 0 5121 Q.0 u~ 3.6 
B-Q-1 NR 1 5122 Q.O 2.3 2.8 

I 5.g.2 NR 2 5123 9.0 2.4 2.0 
B..g.J NR 4 5125 6.0 13 1.1 
B.Q-4 NA 8 5.7• 6.0 5.ll 2..7 

I B-9-? NA 8 5/2ll 8.5 g_3 1.7 
B-9-5 NA 15 S/05 7.0 17 3.1 
B~ NR NA NA NA NA 

I MEAN, pH9 7.4 2..4 

I • NO • Not Olllec:lad (U/Tl)le response in laboratcry blank range); lrHled 

u zero In calculailng me-,. 

I •• NA • Not rec:orded 

•••NA• Not .,lllyzed. 

I 
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' Table 11: Results for Hydrolysis Study Positive Controls (Spikes) 

I 
PERCENT RECOvtR 

INIT TEST TEST FINAl SLYER COPPER 
SAMPLE 

I 
pH DAY DATE pH "" "' 

I C-5-8 5.0 0 5121 5.0 101 110 

C-5-1 5.0 1 5122 5.0 06 100 

C-5-2 5.0 2 5123 5.0 17 106 

I 
C-5-3 5.0 ' 5125 5.0 122 110 

C-5-3 (DUP)• 122 115 

C..s--4 5.0 8 512G 5.0 92 10:Z 

C-5-5 5.0 15 1105 5.0 115 107 

I C-5-5 iOUP)" 111 106 

C-5-7 (REP)• 5.0 15 S/05 5.0 ge 140 

c-s-e NR•• NA•• NA NA NA 

I MEAN,pH5 105 112 

C-7-8 7.0 0 5103 7.0 80 tl 1 

1. C-7-1 7.0 1 51o-4 6.3 70 108 

C-7-2 7.0 2 5105 7.0 - n . - - 10:Z 

C-7-3 7.0 ' 5107 6.5 75 110 

I C-7◄ 7.0 8 5111 6.5 n 111 

C-7-5 1.d 15 5118 6.5 6,4 111 

C-7-7 (REP)• 7.0 15 5118 6.5 5" 104 

I 
C-7-7 (DUP)" 58 104 

C-7-6 7.0 6106 7.0 NA NA 

MEAN. pH7 69 100 

I C~-8 NR 0 5121 0.0 101 10;-

C-Q-1 0.0 1 5122 0.0 110 

I 
C-Q-2 0.0 2 5123 9.0 61 1 

c-w 0.0 ' 5125 6.5 100 103 

c~ 0.0 8 ~ 6.0 65 108 

C-Q-5 ~-0 15 6105 7.0 83 07 

I C-Q-7 (REP)" 0.0 15 6105 7.0 132 101 

C-Q-7 (DUP)" 136 101 

C~-6 NR NA NA NA NA 

I MEAN, pHg gg 104 

_ .. - -
I • (OUP) • Analyala of replcat• aa~I• from same vial 

(REP) • Analysia of repllcate vial 

I .. NR • Not recorded 
NA • Not .,alyzld ', ,, r _,... 

p ,, . 
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Figure 4: Comparison of pH 5, 7, and 9 R for SilYer 
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Figure 5: Comparison or pH 5, 7, and 9 Resulu for Copper 
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